Considerable hwmodynamic changes occur when venous tourniquets are applied to the extremities in man. As much as 890 ml. of blood may be trapped in ten minutes (Ebert and Stead, 1940) and the cardiac output falls (McMichael and Sharpey Shafer, 1944; Warren et al., 1945; Fitzhugh et al., 1953) , and pressure is reduced in the jugular vein (Warren and Stead, 1943) , right atrium, and pulmonary artery (Estes and McWhorter, 1949; Doyle et al., 1951) . In the limb not subjected to venous occlusion arteriolar narrowing and a reduction in venous pressure precede venoconstriction (Wood and Eckstein, 1958) . The rise in right atrial temperature is consistent with a diminished return of relatively cool blood from the periphery (Carlsten and Grimby, 1958) . Renal plasma flow and glomerular filtration rate are reduced (Fitzhugh et al., 1953) . The third heart sound of rapid early diastolic left-ventricular filling may be abolished in normal subjects (Sloan and Wishart, 1953) and in patients with severe heart disease (Leonard et al., 1958a) . In hypertensive cardiovascular disease the atrial gallop becomes smaller in amplitude and moves closer to the first heart sound (Leonard et al., 1958b).
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The changes in pressure that occur in the left side of the heart as a result of peripheral venous pooling in man have not so far been described. The purpose of this communication is to describe the changes in left atrial pressure that may occur when venous tourniquets are applied to the thighs of patients with mitral valve disease, and to discuss their significance in relation to the diagnostic use of left atrial pressure pulses.
MATERLAL AND METHODS
In 16 patients suffering from rheumatic heart disease, left atrial pressure pulses were recorded before and after the application of venous tourniquets to the legs. The diagnosis of the cardiac condition was made from consideration ofclinical, cardiographic, and radiological data, and from the results of left heart catheterization and, where operation was performed, from the findings at cardiotomy. Ten patients were considered to have pure mitral stenosis, and in one of these aortic valve disease was also present. Two patients suffered from mitral stenosis and regurgitation, and in one of these the aortic and tricuspid valves were diseased. Mitral regurgitation was dominant in the remaining four patients. Congestive heart failure had not occurred in any patient within three months of the present investigation.
All patients were studied in the fasting state after premedication with omnopon 20 mg. and scopolamine 0 4 mg., or with demerol, 50 to 75 mg., and nembutal 100 mg. To catheterize the left atrium the method described by Ross (1959) was used in one case, the method of Morrow et al. (1957b) in two, and the method of Allison and Linden (1955) in the remainder. Care was taken to exclude damping artefacts from air bubble and blood clot. Square wave pressure pulses were applied to the recording system before and after catheterization as a check against such artefacts. All pressures were measured during an expiratory pause to avoid respiratory distortion of the base line.
As soon as the patient appeared to be relaxed a control left atrial pressure pulse was recorded, and then broad pneumatic tourniquets previously placed around the upper thighs were rapidly inflated to a pressure The mean atrial pressure was obtained by planimetry. The pressure at the apex of the v wave and at the z point was noted. The ratios of pressure at the v apex to the mean pressure (Connolly and Wood, 1957) and to the pressure at z were calculated. The rate of y descent related to the pressure at v (Ry/v) (Owen and Wood, 1955) ; and the rate of y descent during the first tenth of a second related to the mean pressure (Ry 01/mean) (Morrow et al., 1957a) were calculated. In every case the results presented are the mean of values obtained from three consecutive heart-cycles. Heart rates were obtained from the electrocardiogram.
RESULTS
The table records the age, sex, diagnosis, and heart rhythm of the sixteen patients studied. The duration of venous pooling between measurements of atrial pressure is shown. Control mean, v, and z pressures are listed, and the degree of alteration obtained after venous pooling is shown as a percentage of the control value. Control values and percentage alteration after pooling are tabulated for the ratio of v peak to mean pressure; for the rate of y descent related to v peak pressure (Owen and Wood, 1955) ; and for the rate of descent during the first tenth of a second of y related to the mean atrial pressure (Morrow et al., 1957a) . Illustrative left atrial pressure pulses from Cases 2, 5, 7, and 9 are shown in Fig. 1 In the remainder the average fall in Ry/v was 26 per cent of the control value (range 2X0 to 64%). 
DISCUSSION
The form of the left atrial pressure pulse as a whole is dependent upon numerous factors: the volume-elasticity characteristics of the chamber, the pressure exerted by surrounding structures, blood volume and flow rate and viscosity, heart rate, left ventricular end-diastolic pressure, and the functional state of the mitral valve. The form of the v wave in particular is a measure of the rise of pressure occurring in the atrium during the period of mitral valve closure. If other factors remained constant the pressure at v would depend upon flow into the atrium, whether the flow came from the pulmonary veins or from the left ventricle through an incompetent mitral valve.
In the present study it was possible to reduce the flow of blood from the pulmonary veins into the left atrium without altering the anatomical state of the mitral valve in a series of patients suffering from mitral stenosis and/or regurgitation. The reduction in the height of the v wave that followed this procedure was relatively greater than the fall in pressure at z. The y descent became less steep, whether it was measured for its full length and related to the pressure at v, or measured for the first tenth of a second and related to left atrial mean pressure.
Personal experience and published reports have suggested that various combinations of mitral stenosis and regurgitation may be associated with similar left atrial pressure pulses (Connolly and Wood, 1957; Morrow et al., 1957; Rubin and Shah, 1958; Hamer et al., 1959 ). The present study shows that a variety of pressure pulses may occur in a given patient without any alteration in the structure of the diseased mitral valve. The observed reduction in the height of the v wave and slope of the y descent that followed reduction in the flow of circulating blood supports the suggestion that acceleration and viscous friction are important factors in the formation of a pressure pulse from pulsatile flow in an elastic vessel (Hamer et al., 1959; Peterson, 1954) .
PERIPHERAL VENOUS POOLING IN MITRAL DISEASE
The fact that left atrial mean, v and z pressures, and the rate of y descent may alter greatly with variations in blood flow must be taken into account when it is intended to use the pressure pulse as a parameter in the study of mitral valve disease. For example, the observation of a relatively higher v wave and a steeper y descent after mitral valvotomy may mean only that the cardiac output has increased, and may not signify the production of regurgitation by operation.
It is worthwhile to note that the ratio of v peak pressure to left atrial mean pressure remained relatively constant during venous pooling. Possibly changes in this ratio will prove to be the best guide to alterations in mitral valve function in a particular patient. It should be emphasized that this suggestion has no bearing on the value of the ratio in diagnosing mitral regurgitation, for in the present series three patients with gross regurgitation had smaller ratios than those obtained in some patients with pure mitral stenosis.
In clinical practice venous tourniquets may be applied to the limbs in the treatment of patients suffering from acute pulmonary venous congestion (Hayward, 1955) . The present study offers some indication of the extent to which left atrial pressure may be reduced by short periods of peripheral venous pooling in patients with mitral valve disease. 
SUMLMARY
Venous tourniquets were applied to the legs of sixteen patients with mitral valve disease. Peripheral venous pooling reduced left atrial mean pressure, and altered the contour of the pressure pulse. The pressure at v was lowered by a relatively greater amount than the pressure at z; and 525 the rate of y descent became less steep. These changes were attributed to a reduction in the flow of blood through the atrium.
The possible diagnostic and therapeutic implications of the study are discussed.
